INTRODUCTION
In a continuing effort to elucidate the serological reiationships of taxa of the aquatic order Nymphaeales, I am reporting here additiona,l data obta,ined from cross-reactions with antiser-a produced against species of Nuphar, Nymphaea, Victoria and Euryale. An earlier study established that Nelumbo wias serologically isolated from the remaining species of the Order ( Simon, 1970) . In addition, the data showed that N elumbo had serological affinities with members of the Magnolia.Jes, Ranuncu1ales and Papaverales which were of the same magnitude to those found between N elumbo and the remaining taxa of the Nymphaeales.
MATERIALS AND METHODS
Extracts of representative species of Nymphaeales, Magnoliales, Ranuncu1ales and other orders of Angiosperms, as listed in Tables 2 and 3 of Simon ( 1970) , were inves• tigated. Seeds of additional species of these and other orders of Angiosperms have since been available for this study ( Table 3 and text). The prepar-ation of antigen extracts, antisera and the serological techniques were as described by Simon ( 1970) with some modrifioations a, s described below.
In order to save reactants, preliminary comparative tests were carried out using the microimmunodiffusion technique ( Crowle, 1961, p. 222) . Those extracts giving positive reactions were reinvestigated using the standard ID method described earlier.
Three characteristics of antigen extracts of Nymphaeales taxa ( with the exception of Nelumbo) need to be stressed:
1.-The protein content of the extracts was very low. Under the described conditions of extraction and before standardization ( Simon, 1970) , the protein content of delipified seed extracts of the taxa ranged from 0.20-0.35 mg/ml, as compared to 1.6-2.4 mg/ml obtained with Nelumbo under comparable extraction techniques.
2.-The antigen extracts were rather unstable when stored at -20 C. A heavy precipitate occurred upon defrosting of the extracts stored for as little [325] the dialyzed extracts increased the solubility and stability of the extracts up to a period of storage of two months without affecting ID or IE spectra. Addihional length of storage was still detrimental under these oondirtions.
Buffers of higher molarity and/or higher pH did not improve the stabHity of the extracts but affected the sharpness of the precipitin bands in ID tests. Extracts containing 10% sucrose were produced for this study and were used within two weeks following preparation.
3.-Antibodies were not readily elicited with the antigen extracts; while s· trong antisera were produced with Nelumbo extracts after only three series of injections ( oa. 60 mg protein, Simon, 1970) , a longer series of injections ranging from 7-10 ( ca. 100-130 mg protein) was needed before a stabilization of the number of precipitin bands in ID tests was ob1'ained with antisera produced against Nuphar luteum spp. polysepalum, Nymphaea gigantea, Euryale ferox and Victoria amazonica. Due to the exitensive tests to be performed, pooled antisera from pairs of rabbits were used in this study.
RESULTS

CROSS REACTIONS BETWEEN NYMPHAEALES TAXA
The serological data involving taxa of Nuphar, Nymphaea, Victoria, Euryale and Nelumbo are presented in Tables 1 and 2 and Figs. 1-16.
Antisera produced against Nuphar luteum spp. polysepalum reacted similarly to extracts of the three subspecies of that taxon. Four precipitin bands were · oommon to the subspecies and a filth very faint band was afso observed in some replicates of two of the three taxa ( Table 1, Figs. 1-3 ). Species of Nymphaea shared two bands in oommon with Nuphar and one or two additional partial identity bands ( type III of Ouchterlony, 1964) were also seen in the ID plates ( Figs. 1, 2 ). Less serological affinity was shown by species of Victoria since these two species shared only one identity band with Nuphar. Two partial identity bands, and in some replicates one additional very faint band, were also observed in the ID speotra of Victoria amazonica and V. cruziana. Extracts of Euryale and Nelumbo reacted with anti-Nuphar sera giving only partial identity bands. The ID spectrum of Euryale ferox was characterized by two strong and one faint band while both N elumbo nucifera and N. lutea produced only one such band ( Table 1, Figs. 2, 3) .
IE spectra confirmed the serological s, imilari,ties of the three subspecies of Nuphar luteum ( Fig. 13) . At least 8 arcs ( some of them rather faint) located in the anodal region of the IE spectrum were observed in these reactions. Nymphaea gigantea shared three of these arcs as seen in Fig. 13 c, Fig. 1-6 . lmmunocliffusion patterns produced in Ouchterlony plates from reactions between anti-Nuphar luteum ssp. polysepalum ( NU PO Fig. 1-3 
while the IE spectrum of Nymphaea tetragona showed only one arc positioned further towards the anode ( Fig. 13 d) . The positions of the arcs in both Victoria amazonica and Euryale ferox were rather similar and only one arc was observed in reactions involving Nelumbo lutea antigens (Fig. 13 ) .
Antisera prepared against Nymphaea gigantea produced three distinct precipitin bands in the ID plates when reacted against N. gigantea antigens. One additional very faint band was obs· erved in some replicates but not in others (Table 1, . However, other species of Nymphaea reacted giving two ( N. alba, N. capensis) or only one identity band ( N . tetragona) with th:is antiserum ( Figs. 4, 5) . Extmcts of subspecies of Nuphar luteum produced two identity bands and the ID tests indicated that these were the product of the same antigens found in Nymphaea extracts. In the case of Nuphar luteum ssp. variegatum the second band was faint and was not observed in aH the replicates. Additi:iona,l faint partial identity bands were also observed in some cases ( Figs. 4, 5) . Both, Victoria amazonica and V. cruziana produced one identity and one partial identity rather faint band in the ID tests with anti-Nymphaea serum. Euryale ferox and both Nelumbo species produced only two and one partial idenbity band respectively ( Figs. 5, 6) .
IE analyses show serological differences among Nymphaea species as indicated by the number • and variable position of the arcs produced in the IE spectra (Fig. 14) . Four sharp and one diffuse arcs wern produced in the test reaction. However only two of the former and a more intense anodal arc were observed in the IE spectrum of Nymphaea alba ( Fig. 14 b) . The Immunoelectropherogmm of Nymphaea tetragona showed only a major leading anodal prec:ipitin arc and a more diffuse one at the same position ( Fig. 14 c) . The IE spectra of both Nuphar luteum ssp. polysepalum and Victoria amazonica were markedly different from those produced by the Nymphaea taxa and from one another (Fig. 14 d-e) . Finally, both Euryale f erox and N elumbo lutea spectra were charactel'ized by the presence of only one faint arc positioned towards the anode. Antisera produced to Victoria amazonica gave five precipitin bands in the test reaction ( Table 2, . Victoria cruziana, however, shared only three such bands with the former species but one additional type III band was also present in the ID plates. Extracts of species of Nuphar, Nymphaea and Euryale shared only one band in common with Victoria species (Figs. 7-9, Table 2 ). With the exception of Nymphaea alba, one additional faint partial identity band was observed in reactions involving Nuphar and Nymphaea anti:igen extracts and anti-Victoria serum. Two such bands were present in reactions with Eury ale f erox and N elumbo antigen extracts and in the latter mse one of these type III bands was very faint ( Figs . 8, 9 ). . IE tesrts using anti-Victoria amazonica sera are shown in Fig. 15 . Spectra of reactions involving V. amazonica and V. cruziana are markedly different in relation to the posrition of the arcs in the IE spectra ( Fig. 15 a, b) . In addition, the spectrum of V. cruziana appears to be lacking two of the anodal arcs positioned close to the origin in rthe V. amazonica test. The IE spectra of borth Nuphar luteum polysepalum and Nymphaea gigantea were very srimilar in producing two anodal arcs . Two such arcs are also seen in the spectrum of Eury ale f erox but in this oase one of them is positioned further towards the anode ( Fig. 15 e) . Only one dis· tinct arc is discernible in the IE spectrum of Nelumbo lutea but a weak and diffuse aTc was a, lso observed in some replioates to be located further towards the anode ( Fig.  15 f ) . •According to Ouchterlony (1964) . Type I = identity band, Type III = partial identity, with spur formation. ••Number in parentheses refers to weak precipitin bands which were not observed in all replicates.
Reactions involving Euryale ferox antisera gave clear cut differnnces between that taxon and the remaining species of Nymphaeales (Table 2, . While four to five precripitrin bands were observed in the test reaction in Ouchterlony plates only one distinct identity band was shared w~rth species of Victoria. One additional such band, but very faint, was also observed in reactions involving Victoria amazonica. The rest of the Victoria spectra was made of two partial identity bands ( Fig. 16 ). While the test reaction produced three distinct and two faint arcs in the anodal zone of the IE spectrum, tests with Victoria amazonica anti.gens showed three anodal aro.s but the position a,nd shape of two of them were different from those of the test reaction ( Fig. 16 b) . IE spectra involving Nuphar luteum polysepalum, Nymphaea gigantea aind the two Nelumbo species showed only one anodal arc positioned close to the origin ( Fig. 16 c-f ).
In summary, stronger serologica,l affinities are shown by species of Nuphar and Nymphaea. Whi,le · the subspecies of Nuphar luteum are serologically very similar, species of Nymphaea show a wide range of differences. Victoria amazonica· and V. cruziana are differentiated from one another and are mor:~ distantly related to the oluster formed by Nuphar and Nymphaea . Victoria amazonica
Nuphar luteum ssp. macrophyllum
Nuphar luteum ssp. polysepalum
Nuphar luteum ssp. variegatum
Nymphaea gigantea
Nymphaea alba
Nymphaea tetragona
Nymphaea capensis ssp . zanzibariensis
Nelumbo lutea
o According to Ouchterlony ( 1964 ) . Type I = identity band, Type III = partial identity, with spur formation. o "Number in p a rentheses refers to precipitin bands not observed in all repHcates.
Serologically, the closest taxon to Euryale ferox is Victoria but there are large differences between them. Only slight serological relationships are found between Nuphar or Nymphaea and Euryale, and Victoria appears to bridge the "gap" between these taxa. Finally, Nelumbo is serologically very isolated from any of the other genera of the Nymphaeales investigated to date.
CROSS REACTIONS WITH OTHER FAMILIES OF ANGIOSPERMS
In addition to the species tested against N elumbo antis era by Simon ( 1970) , several new taxa belonging to a number of families of Angiosperms were reacted against these antisera and with the four produced for this 334 ALISO [VoL. 7, No. 3 APRIL 22, 1971] NYMPHAEALES 335 study. Table 3 lists those taxa which reacted with at least one of the antisera produced. All these reactions were characterized as reactions of partial identity in the ID plaites (Type III of Ouchterlony, 1968; see Figs. 17-22) . Most reacllions produced only one precipitin band but there were seveml exceptions producing two ( Figs. 18, 22) . In th~s case, and with the exception of Magnolia species, the second band was weaker. The range of orossreactions varied according to the antiserum tested. Antisera against N elumbo, Nuphar, Nymphaea and Euryale were rather similar in producing reactions with most species of the Magnoliales, Ranuncu1ales and Papavemles. Among the Ranuncukules, it is noteworthy that although anti.-Nelumbo sera fai!led to react with any of the species of Berberidaceae ( see also Simon, 1970) , the other three amisera reacted with either all of them ( anti-Nuphar, Nymphaea sera) or parti. 1 ally ( anti-Euryale). With the exception of Victoria amazonica antisera, aH antisera reacted wi,th some of the species of the A1ismales and Liliales but not with others (Table 3, . The type of reaction produced by the primitive monocots, with the exception of Agavaceae, was similar to that repo, rted by Simon ( 1970) using N elumbo antisera. It was characterized by the formation of weak and diffuse bandi,ng pattern of low stainability with protein stains. Further tests indicated that the antigens responsible for these reactions probably were proteinpolys, accharide complexes since the bands a• lso stained with specific stains for polysaccharides such as the Schiff reagent and A,loian blue ( Crowle, 1961, pp. 309-310) . The diffuse pattern of banding was interpreted by Simon ( 1970) as indicative of a very low degree of serological affinity between Nelumbo and these primitive monocots. One additional fact appears to reinforce that suggestion. It was found that the precipitin band dissolved away whoo the ID plates were washed in saline, in concentrations ranging from 0.2 M to 1 M NaCl. The dissolution of the band was usually accompHshed in less than six hours at 25 C and this phenomenon occurred only with these extracts . A partial loss of the band was also noticeable in reactions with species of the Agavaceae but here even overnight washings did not dissolve the aggregates completely. The solubility of antigen-antibody aggrngates in saline of high molarity strongly suggests that the physicochemical configuration of the antigen determinant sites do not match in a mirror image those of the antibody. In this case the attraction forces keeping the lattice arrangement of antibody and antigen molecules from dissociating are most probably rather weak. It is the contention of the author and that of Leone"' ( personal commurnication) that this phenomenon probably indicates a low degree of serological correspondence between taxa of the Nymphaeales and the monocots. 
. . The range of reactions obtained with Victoria amazonica antiserum was more restricted. With the doubtful exception of Helleborus niger, giving a very weak band in some of the replicates, none of the tested species of the Ranunculaceae, Be11beridaceae, Papaveraceae, nor any of the monocot taxa ( except Agavaceae) reacted with this antiserum.
Extracts from the following species, grouped by order, gave no reactions against any of the antisera produced for this study: Schisandrales-Illriciales: The serological data accumulated to date indicate that the genera of the Nymphaeales possess varying affinities to one another. On the one hand, a close relationship i, s found between Nuphar and Nymphaea. These taxa share two immunoprecipitrin bands in common and the intergeneric differences are not larger than those found between some of the species of Nymphaea . One identity band was produced in cross-reactions between Victoria and the two genera, Nuphar and Nymphaea. Although the differences between Victoria and the two latter genera were larger than those found between Nuphar and Nymphaea, when considering the whole mder, Victoria appears to be rather close serologically to these two genera. Euryale ferox stands further apart from the cluster formed by Nuphar, Nymphaea and Victoria, although Euryale appears to be closer to Victoria than to the other two genera. Finally, the isolated position of Nelumbo is indicated by the low degree of serological correspondence of this tiaxon with any of the w 
0 2 , indicates two precipitin bands in Oucbterlony plates; w, weak (faint) precipitin b a nd ( s); d, diffuse precipitin band. 00 H more than one accession was studied, number is indicated in parentheses.
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other speoies s,tudied. A diagrammatic presenta1Ji:on of the relative serological relationships of the genera is presented in Fig. 23 . The olose serological relationship of Nuphar and Nymphaea appears to oorrelate with the morphological, anatomical and biochemical similarities. In a recent communication, Golen,i_ewska ( 1970) reported a comparative study of several morphological, anatomical and biochemical characteristics found in selected species of the Nymphaeales. On the basis of 20 morphoanatomical leaf characteristics, she established an index of similarity from oomparing each poss,i_ble parr of species. The highest indices were obtained from comparisons of species of Nuphar ( 95%). Species of Nymphaea, involving both European (subgenus Castalia) and tropical. species (subgenus Lotus), ranged from 100% to 75% . The latter figure was obtained from comparisons of species belonging to the two subgenera. Comparisons of species of Nuphar and Nymphaea gave indices ranging from 75% to 60%. GoJeniewska ( 1970) also reported s,i_milarities in the alkaloids for the two genera. Nymphaea :md Nuphar share a number of identified sesqrnterpene alkaloids.
It is significant that represenbatiives of three subspecies of Nuphar were serologically very similar. The serological survey lends support to the treatment of Beal ( 1956) who, on the ba, sis of morphoJogica'1 and cytological evidence, reduced the North American and European species of Nuphar to one speoies, N . luteum ( L.) Sibth. & Smith, wrth n,i_ne recognized subspecies. Nuphar japonicum DC., a stable endemic species from J1:tpan, is reported to be morphologically and kairyologicaHy distinct and efforts are being made to obtain seeds of this species in order to establish its serological affinity.
By contrast, the speoies of Nymphaea tested showed a wide range of serological differences but these were not clearly correlated with the established taxonomy based on morphology. Nymphaea is rich in species and in urgent need of modem taxonomic revision. Conard ( 1905) , the author of the only monogmph of · the genus, listed 34 species. I:r;idex Kewensis ( 1906 Kewensis ( -1966 listed 88 specific names having definite geographical ranges. Additional speoies have been described during the last decade. It is suspected, however, that many of these names are synonyms or represent intermediate forms resulting from hybridiwtion between known species or cultivated varieties of exd:s1Jing species. The speoies analyzed in this s• tudy were few. Thus, in view of the state of taxonomic confusion in Nymphaea, a more involved serological ana• lysis should be undertaken before one attempts to draw conclusions 11egarding intrageneric relationships.
The serologicaJ. survey suggests a lower degree of relatiionship between the cluster formed by Nuphar and Nymphaea species and Victoria or Euryale ta~a than that reported from the analysis of morphological and anatomical datJa. Goleniewska ( 1970) and Nymphaea, but not with other species. They lacked, howeV'er, any of the other ident-ified sesquiterpene and thioalkaloids found in species of Nymphaea and Nuphar. On the basis of her study, Goleniewska ( 1970) suppor>ted the inclusion of Nuphar, Nymphaea, Victoria and Euryale in the family Nymphaeaceae. Contemporary taxonomists are in general agreement with this treatment ( Cronquist, 1968; Takhtajan, 1969; Thorne, 1968) but Li ( 1955) has proposed that Euryale and V ictoria should be segregated to a new rn:der Euryalales on the basis of the distinct flower and vegetative morphology. The serological data indicate that these two tropioal genera are relatively isolated but, in the context of the whole order Nymphraeales, Fig. 17-22 . Immunodiffusion patterns produced in Ouchterlony plates from reactions between anti-Nuphar luteum ssp . polysepalum (NU PO, Fig. 17-18) , anti-Nymphaea gigantea ( NY GI, Fig. 19 ) , anti-Victoria amazonica ( VI AM, Fig. 20-21 ALISO [VoL. 7, No. 3 they may still be considered as clustering with the other genera of the Nymphaeaoeae sensu stricto.
Although based on the comparison of different sets of characters, the data of both Go, leniewska ( 1970) and Li ( 1955) suggest a very close relationship between Victoria and Euryale. The serological survey, however, indicates tha,t these taxa • are rather isolated from each other. The serologioal differences may be a reflection of the distinct geographical distribution of the genera. Whereas Victoria speoies are endemic to the Amazon Basin, Euryale ferox is distributed in eastern Asia, from far eastern Russia, south to China and west to Kashmir and Assam ( Li, 1955; Goleniewska, 1970) .
The serologioal daita obtained to date emphasize the isolated position of Nelumbo vis-a-vis other Nymphaeales speoies and support the accumulated evidence based on morphologioal, anatomioal and chemical characteristics which indicates that Nelumbo does not appear to be related directly to the other members of the Nymphaeales . For instance, Goleniewslm ( 1970) found similarity indices on the order of 45% or less from the comparison of N elumbo with the other species of the order. Khanna ( 1965 Khanna ( , 1967 ) also reports fundamental anatomioail differences between Nelumbo nucifera and other members of the order. Pollen morphology is also different, since Nelumbo is the only taxon possessing tricolpate pollen whereas all other species of the Nymphaeales have monocolpate pollen grains ( Cronquist, 1968) . Flower and vegetative morphology are a, lso different ( Li, 1955; Cronquist, 1968; Takhtaj>an, 1969) and the side-waJI sculpture of the vessel elements reported , in the roots of Nelumbo is the most advanced type found among the Nymphaeales species ( Kosakai, 1968; Kosakai, Moseley and Cheadle, 1970 ) . The chromosome number of Nelumbo, reported as n=8, 2n=l6, is not found in other speoies of Nymphaeales, with the exception of Ceratophyllum ( Cemtophyllaceae) where a polyploid se1ies with base x=8 has been reported (Fedorov, 1969; Darlington and Janaki, 1956; Wood, 1959) . Takhtajan (1969) has further reported that the karyotype of N elumbo is very different from that found in other species of Nymphaeales. In addition, Nelumbo is unique among the Nymphaeales in producing isoquinoline and aporphine types of alkaloids ( see review by Goleniewska, 1970) .
The evidence, including serology, certainly indicates that Nelumbo should at least be raised to family status within the Nymphaeales. Whether it should further be s, egregated to a separate order, i.e., Nelumbonales, as suggested by Li ( 1955) and Takhtajan ( 1969) is a matter of opinion but, the serological data would suggest that Nelumbo is as isolated from the remaining Nymphaeales taX!a as it is from the Magnoliales and Ranuncuilales.
Information on the serologioal r, e1ationships of the Cabombaceae ( i.e., Cabomba and Brasenia) is much needed. Our efforts to secure enough seeds for their study have been largely unsuccessful, as have been our attempts to raise antisera against Brasenia schreberi. Although some taxonomists include Brasenia and Cabomba in the Nymphaeaceae ( Cronquist, 1968; Thorne, 1968 ) others segr, egate these genera to the Cabombaceae ( Li, 1955; Takhtiajan, 1969 ) on the basis of distinct flower and vegetartive morphology. Goleniewslm ( 1970) found very low indices of similarity, ranging from 50 345 to 25%, between these taxa and speoies of the Nymphaeaceae and Nelumbonaceae. In additiion, Brasenia and Cabomba are differentiated from the remaining species of the order in that they do not produce alkaloids ( Goleniewska, 1970) .
SEROLOGICAL RELATIONSHIPS OF NYMPHAEALES WITH OTHER FAMILIES OF ANGIOSPERMS
Serological affinities are shown between the Nymphaeales and Magnoliales, LauraJes, Ranunculales and Papavera1es ( sensu Takhtajan, 1969; see Fig. 24) . Within the Magnoliales, the analysis has expanded to cover species of Winteraceae, Annonaceae, Eupomatiiaceae, Magnoliaceae, Himantandraceae and Degeneriaceae, and, therefore, ~ve us a good coverage of the order. Because five of the six antisera produced for this study gave partial identity reactions with speoies of the Ranunculales and Papaverales, the negative tests obtained with Victoria antiserum were unexpected. This antiserum also failed to reaot with any of the antigen extracts of primitive monocots and, therefore, appeared to be rather specific. Additional rabbits are being immulllized with Victoria antigens to ascertain possible variations in the · specifioity of the antisera.
The lack of reaction obtained with representative species of a number of orders supposedly derived from the primitive Magnoliales and Ranunculales circumscribes well the range of reactivity obtained with the Nymphaeales antisera ( F, ig. 24). However, the negative tests obtained with extracts of species of the H1iciaceae, Schisandracea,e and Aris,tolochiaceae were unexpected and need to be discussed further. Takhtajan ( 1969) has suggested that the Nelumbonales were probably derived from the Illicia,les-Ranunculales stock ( see also Fig. 24) . Cronquist ( 1968) includes the Schisandraceae and Ilhciaceae within the order Magnoliales. Furthermore, he indicates that the closest allies to the Ranunculales, within die Magnoliales, are found in the Il1iciaceae and Sohisandraceae. Similarly, Thome ( 1968) classifies both families in a suborder IHicineae of his broader Annona1es between the Winteriineae and the Magnohineae. Unpublished serological data from Fairbrothers" (personal communication) suggest that there elcists a definite, although distant, relationship between the Magnoliaceae and the Illioiaceae and Schisandraceae. From the present study, we have seen th 1 at the Magnoliaceae react rather strongly with all the antisera of the NymphaeaJes. With tms background of information, one would have expected, a priori, that antigen extracts of Illicium, Schisandra and Kadsura would , also have reacted with the Nymphaeales antisera.
The Aristolochiaceae, as the Illiciales, possess spherical secretory cells ( ethereal oil cells ) and are, therefore, considered to be rather closely related to the Magnoliales. Thorne ( 1968) has included the Aristolochiaceae in a suborder of the Annona,les, Aristolochineae, but other recent treatments consider AristolochiaJes as a distinct, more advanced taxon derived from the Magnoliales ( Cronquist, 1968; Takhta j,an, 1969) . ALISO [VoL. 7, No. 3 The serological survey, therefore, confirms the widely accepted proposition that the Nymphaeales sensu lato are primitive taxa showing affinities with the Magnoliales (Annonales)-Ranunculales stock (Cronquist, 1968; Thorne, 1968; Takhtajan, 1969) . The serological data do not support the suggestions made by Bate-Sm~th ( 1968) and Meeuse ( 1970 ) that the Nymphaeales ( excepting Nelumbo) may be out of place in the "order Polyc.rrpicae" ( Magnoliales and Ranunculales). Their assumption of an indeptndent origin of the Nymphaeales in respect of the RanaHan assembly is based on the presence of ellagitannins in Nuphar luteum ( L.) Sm. ( BateSrnith, 1968) . E1lagitaunins are apparently of rare occurrence among primitive dicots. Among these, they have been found only in Cercidiphyllum japonicum Sieb. & Zucc. of the Cercidiphyllaceae, a family now considered included or olosely related to the Hamamelidales ( Cronquist, 1968; Thorne, 1968; Takhta jan, 1969) .
As discussed earlier ( Simon, 1970 ) , the similar type of reactions produced by all the species of MagnoJ.iales and Ranunculales does not allow for a definite ranking of relative affinities. Although differences in the intensity of partial identity reactions were observed ( Table 3, Figs. 17-22 ), both strong and faint bands occurred with species of the same Ol'der or family. Clearly, differences in the intensity of the reactions may be due to variamons in the relative amount of a given antigen and not to its specificity to a particular antibody. It is my contention that one should not place too much emphasis on quantitative differences, as observed in ID plates, for establishing relationships among taxa. Far more important is the obtaining of a critical comparative analysis of qualitative aspects of these antigens ( i.e., position of the reaction in • the agar airena, formation of spurs in comparison with other antigens, substrate affinity, etc.). This in turn may provide us with a better insight to the physicochernical configurations of the antiigens ( Crow le, 1961; Ouchte1fony, 1964; Carpente>1:, 1965 ) . As seen from the results of this study; the two-dimensional double immunodriffusion technique of Ouchterlony ( 1948) and Elek ( 1948 ) is particularly sensitive for demonsh·ating these differences.
Although slight serological reactions occurred between the Nymphaeales and some of the primitive monocots, the results are at best ambiguous. The anomalous type of reaotion has been discussed above and by Simon ( 1970 ) . To some e:ictent the antigens responsible for these reactions have the proper· ties of haptens, i.e., substances which by themselves do not induce antibody formation but that may react demonstrably with the approp1iate antibody ( Carpenter, 1965 ) . For instance, carbohydrate components of the cell wall of certain bacteria possess hapten properties, and it may be very significant that the monocot antigens reported in the present study are most probably protein-polysacohaiide complexes. However, these antigens, with the exception of the Agavaceae, did not react with antise:ra produced against Prosopis species ( Fabaceae). Therefore, some degree of specificity must be assumed. It must be emphasized that none of these antigens reacted with normal sera, that is, sera taken from the rabbits before the inri· tiation 347 of immunizations. This then would eliminate the possibility that leotins or lectin-like substances may be the cause of these anomalous reactions.
In the light of the serological tests reported here ( as well as from unpublished data), the strong reactions of partia l identity obtained with species of Agavaceae, particularly Agave, are also considered rather anomalous and should be looked upon with suspicion. These antigen extracts produced Trochodendron Tetracentron Cercidlphyllales
YI
.. similar, although less intense, reactions with antisern produced against Prosopis julifiora DC. and P. chilensis ( Mol.) Stuntz of the Fabaceae, a family relatively specialized among dicots and not considered related to the monocots . Furthermore, Lee and Fairbrothers ( 1970; and p ersonal communication) have reported anomalous strong reactions between these antigens and antisem produced against vaiious taxa of the Typhales.
Routine ID tests performed with extraots of speoies of Agav, aceae and normal sera did not produce reaotions in the Ouchteiilony plates. However, Dr. D. W. Lee ( personal communication) found that two of his normal sera reacted with these extracts giving a diffuse precipitin band in the plates. This reaction did not appear to be due to the presence of lectins since the hemagglutination tests performed by Lee gave negative results. Instead, these extracts lysed rabbit red blood cells. More extens, ive tests performed by us with all available normal sera disclosed that one of the 26 sera gave a weak diffuse precipitation pattern when reacted against extracts of Agave and Yucca. However, absorption tests using this normal serum indicated that the absorbed antigen extracts still reacted with the anrt:i-Nymphaeales sera.
Even if we consider our results as an indication of some relationship between the Nymphaeales and primitive monocots, the data do not help us to clarify the issue whether or not monocots may have evolved from ancestors like Nymphaeales ( Takhtajan, 1969) . The recent discovery of primitive vessel elements in the root system of Nelumbo has led Kos, akai, Moseley and Cheadle ( 1970) to oonclude that this hypothesis is highly improbable. An assessment of the serologioaJ inform 1 ation at this point is rather premature and will have to wait for much supporting evidence. For instance, it would be eX!tremely important to esibablish the range ( and type) of reactivity of antisera produced against other primitive Ranali,an species, i. e., Magnolia, Schisandra, Drimys, etc. Although some of these species have been studied serologically ( see Fairbrothers, 1968 Fairbrothers, , 1970 , to my knowledge, no comparatiive tests using antisera produced against these taxa have been p erformed with species of monocots or with more advanced dicot families. A thorough and broader analysis of related orders may help us to elucidate some of the relationships of primitive dicots and monocots. 
SUMMARY
Antisera produced against Nuphar luteum ssp. polysepalum, Nymphaea gigantea, Victoria amazonica and Euryale ferox were reacted against seed antigens of a number of angiospermous taxa us, ing immunodiffusion and immunoelectrophoret, ic tests. The serological data indicate that Nuphar and Nymphaea are serologicaHy rather close to one another. Victoria shows some affinity with both the cluster formed by Nuphar and Nymphaea, and Euryale, but Euryale is isolated from the former genem. Only slight serological relationships are found between Nelumbo and the other genera of the Nymphaeales investigated to date. The four antisera produced partial identity reactions ( Type III bands) with members of the orders Magnoliales ( AnnonaJes), Laurales, RanunculaJes and Papaverales. These antisera also produced pavtial identity reaotions with some of the monocot taxa investigated but not with others. These t ests indicate, however, that monocots produce anomalous, possibly asystematic, reactions with antisem produced against the Nymphaeales. The taxonomic implications of the serological data are discussed in relation to other kinds of evidence.
